A multi-function test rig was designed to facilitate experimental studies for journal bearing boundary lubrication behaviour improvement. The test rig components were designed and manufactured. It consisted of drive motor, drive shaft, bearing assembly, foundation, automatic control and data acquisition system. Fabrication and setup of the test rig were conducted taking into account industrial safety and risk assessment. Components have been individually tested and finally, overall test was performed, and was found to be quite satisfactory. The test rig unit is capable of being used for a wide range of journal bearing lubrication tests e.g., bearing material composition, lubricant additives, speed variation and bearing geometry study. Several test trials were conducted, with the aim of verifying that the mathematical outcomes derived were in complete accordance with the experimental results reached. Those endeavours have culminated in a guarantee that the practically assembled target test rig was in harmony with the inferred mathematical calculations on which the structuring process was primarily based.
INTRODUCTION
Journal bearings are one of the important shafting elements in ship shafting propulsion systems. The design of journal bearings is considered important to avoid boundary lubrication problems. A number of design constraints had been studied through the last decade experimentally and theoretically. Here is an exposition of the endeavours exerted in the way of reaching the optimal lubricating conditions that would promote and enhance the performance of the journal bearing. Valkonen et.al [1] and [2] , have become well-acquainted with the true operating conditions of hydrodynamic journal bearings, through accurately determining the oil film pressures using optical sensors.
Moreover, Ravindra et.al [3] , could prove that the oil film thickness obtained experimentally was in coincide with certain values obtained theoretically. Ahmad et.al [4] and [5] , has investigated the impact of changing the groove positions on the frictional force and torque. Other researches have focused their studies on the geometrical design of the two axial-groove journal bearing. Among those concerned with that issue were Binu et.al [6] . Having researched into the hydrodynamic pressure distribution in oil lubricated two-axial groove journal bearing, they have come out with the result that there was a noticeable difference between the experimentally recorded pressures and those recorded numerically.
Furthermore, Simons et.al [7] and [8] They have favored nano Cuo lubricants for lubrication purposes in journal bearing applications.
In the field of journal bearings materials, many researchers have made considerable contributions. Florian Grun et.al [9] , have proved the suitability of "AlSn20Cu-sputter overlays" in regard to load applications, especially highly loaded ones. Those outcomes were derived after studying various types of coating materials used in different alloys. In addition, Gebretsadik et.al [10] and [11] , were among those who have traced the tribological performance of thin over lays for journal bearings aiming at increasing the wear resistance and eliminating adhesive and abrasive wear. Their results obtained later have stressed that seizure load was higher for the Sn-based overlay plated materials, in fully formulated engine oil, than in base oil. Moreover, friction values were proved to be lower when the bearings were lubricated, using fully formulated engine oil, than with base oil. Finally, it was those respectable efforts that were closely traced and studied, with the aim of exploiting and building on them, when that newly introduced research was initially planned and launched. Thus, the aim of the designed structure was to create a disciplined universal test rig journal bearing catering for the requirements of experimentally studying the pressure distribution of the oil film within the journal bearing together with the factors impacting it. From the previous review, it is obvious that the presented universal journal bearing test rig would grant the possibility of studying all of those sides in a collective and a unified way. Further, that universal journal bearing test rig made it possible to closely examine the various speeds whether they were low, medium or high. These sides of study were not sufficiently covered or dealt with previously. That is why, the study at hand would try to fill in the gaps those previous efforts lacked.
TEST RIG SETUP

Prime mover motor
The selected prime mover is three phase induction motor manufactured by ABB, which is certified as efficient and reliable for different applications. Table (1) shows the prime mover and specifications. To enable study of the effect of shaft radial speed over the oil film pressure distribution, prime mover is equipped with frequency converter which can change the velocity from 50 r/min to 1450 r/min. 
Shaft design and journal bearings 2.2.1 Strength checking of shaft
Shaft calculations aim at transferring the motor power at a speed range of 50 r/min for obtaining the most possible maximum torque, considering a value of 560 M.pa for yield strength matching the mechanical properties of the C45 round bar [15] , assuming the value of "12" for the factor of safety "FOS" which is relatively high in proportion [13] .That value selected regarding the factor of safety would be ascribed to the fact that the shafting system applied in most marine applications are characterized by being heavy duty shafting. The following figure is a representation of the dimensions relating to the drive shaft: Figure 1 : Drive shaft dimensions in mm
The maximum torque working on the shaft, based on both the minimum radius, " ", in the shaft as well as the minimum speed limit applied 50 r/min, could be derived from the following relation. [13, 14] : The shaft is made of Steel C45 round bar, where this material is not to deform under high pressure, variable speed especially low speeds and should also be very hard. Steel C45 is a medium strength steel with good machinability and excellent tensile properties. The surface of the shaft was machined and polished with very high accuracy, so that there wouldn't be any damage to the sleeve and shaft. It is important to mention that a flexible coupling of the type pin and bush coupling is to be utilized for its beneficial purposes. The flexible coupling is used to let the shaft rest over the bearing material at stopping and float over the produced oil film pressure.
Clearance calculations
Clearance is regarded as one of the numerous serious variables that affect the journal bearing test rig performance. Other variables must be adjusted so as not to affect the clearance feature negatively. Those other variables comprise the oil viscosity, which could be drawn from the oil type and grade selection. The journal bearing test rig operating oil pressure and temperature, as well as the speed of the test rig drive shaft, the bearing grooving and other bearing design features all interrelate in the function of the journal bearing test rig lubrication system. The best method for measuring clearance is with a dial bore gage that measures the bearing inside diameter, when the test rig bearings are installed at the specified torque, without the shaft in place. Measurements should be taken at front, center and rear of each bearing position. The clearance factor, occurring between the drive shaft and the plain bearing of the journal bearing, has a starting point of Thus, the actual main bearing clearance applied is 0.08 mm. Figure ( 2) gives the main dimensions of the main bearing, where the main bearing nominal outer diameter, inner diameter, width and wall thickness were 116 , 105 ,58 mm and 5.5 mm respectively. As for the secondary plain journal bearings, they were 96 mm, 85 mm, 46 mm and 5.5 mm, respectively. Also, figure (2) shows an outline of the upper and lower half sleeve bearings, equipped with an oil groove width of 8 mm in the upper sleeve. The lubricating oil was supplied through the oil inlet hole in the middle of the upper sleeve, where the diameter of the oil inlet hole was 7 mm. The upper sleeve was drilled so as to contain five holes whose diameter was around 3 mm each, as is shown in the above figure. Those holes would allow the oil to flow into the opposite upper oil housing channels directly above, which, in their turn, were connected to five pressure transmitters. 
Plain bearing specification
Pressure transmitters
There were, actually, numerous reasons providing the incentive for carrying out laborious endeavors for the sake of obtaining the optimal pressure transmitters that could perform their allotted crucial tasks accurately and efficiently, shunning any likelihood of errors, miscalculations or disorder. There was a need for a type of pressure transmitters that could be characterized by a superior accuracy and an affordable cost. They also ought to have an assured guarantee from an established company that was recognized to produce certified instrumentations. That is why, the German "WIKA" company, founded in 1946, was chosen to provide the target required pressure transmitters. WIKA Company is a strong and reliable partner for all the requirements of industrial measurement technology, thanks to abroad portfolio of high-precision instruments and comprehensive services. Thus, the company was contacted for having the best advice in relation to the consistent pressure transmitters that could carry out the expected targets. The tips received suggested the use of pressure transmitter for general industrial applications "Model A-10", whose advantages turned to outweigh its counterparts in relation to the predetermined required goals. The following figure (4) illustrates the finally selected pressure transmitter suiting the journal bearing test rig: The model "A-10" pressure transmitter, (German make) for general industrial applications, is characterized not only by its peerless compact design, but it also offers an excellent quality as well as a guaranteed source for the test report for being certified by "WIKA" maker. The target model "A-10" is set up for worldwide use through the international Eurasian Conformity "EAC" certification and European Conformity "CE", which indicate that the products conform to all technical regulations of "the Eurasian Customs Union" and "the European Economic Area". Besides, the A-10 pressure transmitters comprise a unit of the type "bar". In addition, the measuring range is from "0"and up to "10" bar. Further, its permissible medium temperature is "0…+80 °C" .Moreover, its output signal ranges from "0…..10 V, 3 wire", with a standard accuracy of "≤ ±0.5 % of span". Besides, its power supply is around "14….30 V DC".
The electrical control panel
It wouldn't have been possible for the universal test rig to accurately perform the crucial tasks allotted to it, if it hadn't been for a well-organized control panel. The control panel would carry out the mission of manipulating, monitoring and operating the whole of the structure. Further, it would have the ability of transmitting the analogue data received from the ten pressure transmitters into digital data via the "Schneider Electric Zelio Logic Control with Display".
The electrical control panel contains the following items, which ensure the efficient operation of the test rig:
• A main isolating switch, which connects the three-phase power supply to the control panel.
• Three fuses to protect the whole panel.
• Three current transformers.
• A miniature circuit breakers "Mcb" three poles, 16 A from Siemens.
• Four miniature circuit breakers, one pole from Siemens. • A power supply from "OMRON" 2.5 A, which converts the power supply from 220 AC into 24 DC.
• Three Siemens contactors for the three motors, namely, the drive motor, the lubrication pump motor in addition to the cooling pump motor. 
Journal bearing test rig assembly
Assembly process entailed many trials for the sake of obtaining system integrity and shafting alignment according to risk assessment criteria. 
VALIDATION OF TEST RIG RESULTS
On carrying out an experimental study on the plain journal bearing using the test rig under consideration, it is important to check the consistency and validation of its derived results. The oil pressure distribution, at different rotating speeds, around the plain bearing, is measured by the aid of ten pressure transmitters, installed all around the circumference of the bearing, as shown on figure (7): Figure 7 : An illustration of the angles and distribution relating to the ten pressure transmitters.
Theoretical results
To check the validity of the test rig results, the following procedures were followed: Calculation of the nominal bearing pressure: p = (1) Where W = 727.9 N, r = 52.5 mm and L = 58.0 mm So, p = 1.19 bar Calculation of the bearing characteristic No (Summerfield number) "S" is as follows:
Where the oil viscosity "μ" = 0.0967 Pas, radial clearance "C" = 0.04 mm, r/m "N" = 50; 100; 150 and 200 and last but not least the l\d ratio was found out to be 0.55
Using the charts of "Raimondi and Boyd" [13] , we can find the value of the maximum film pressure ratio "P 0 /P max ", as is shown in the following table:
Table (2): Theoretical values obtained under various speed
Experimental results
Table (3) gives a comparison between the technical data obtained theoretically, as explained above, and the same data as obtained from experimental study. Table ( 3): Test rig validity ascertained through experimental and theoretical values, which are proportionally on the rise, in relation to both the experimental ratio P 0 /P max , and that derived theoretically.
From the data given in table (3), it is clear that there is a good agreement between experimental and theoretical results. Furthermore, the resulting deviation and error outcomes clearly appear to be so slight and marginal in their values. It is noteworthy that all the previously derived and recorded values reflect a notable consistency and much accordance with their counterparts in the research introduced by Binu et. al [6] . However, it is clear that the recoded values relating to the error percentage in the research at hand appear to be notably lower than their peers in the above mentioned research of Binu.
Such results undoubtedly manifest the validity of the test rig for successfully carrying out the tasks for which it was primarily planned.
Conclusion
To sum up, essential required calculations have been carried out for the buildup of the universal journal bearing test rig. It has been planned, designed, manufactured and assembled according to a number of considerations among of which comprise the design material stresses, 
